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IN CANADA 


STANDARD TIME AND TIME ZONES 
By €. C. 


(With two maps) 


INTRODUCTION 

leads questions on matters relating to standard time are 

referred to the Dominion Observatory. This publication is 

a compilation of the answers to those questions that are most 
frequently asked. 

No map showing the positions of the time zones in Canada has 


previously been available. The explanation of why the times of 


watches have to be changed in travelling east or west will, it ts 
hoped, prove sufficiently descriptive and definite. The chart of 
time zones of the world has for some time been in considerable 


demand. 
The faster means of transportation and communication made 


possible in recent years by the aeroplane, the automobile, the radio, 


and wireless telegraphy, together with the greater interest thus 


developed in affairs in distant places, have made necessary a much 


more general knowledge of corresponding times and related ques- 
tions. 
To the officers of different legal departments and to others who 


have kindly furnished replies to questions, the writer wishes to 
express due appreciation. Acknowledgment is also made of the 
use of material from the national ephemerides. In the preparation 


of the material a very considerable part has been taken by Miss 


K. Nevins of the observatory staff. 
49 
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Tue Unit or Time—tTHE Day 

What time is, of course, nobody knows; one man’s guess is as 
good as another’s. Fortunately this lack of a satisfactory definition 
is no great handicap; all that is necessary is to be able to measure 
time. How many days before this did that event happen,—or how 
many days after? These are, essentially, the only questions con- 
cerning time that ever have to be answered, the former affording 
the time order for writing the history of the things that are past, 
the latter assisting in planning or predicting the things that are to 
come. 

For the measurement of time there was supplied, when the 
earth was created, an almost perfect clock. The earth was sent 
into space spinning around on its axis and it has since continued to 
travel in a circuit, almost circular, about the sun. This spinning, 
or rotation, is so regular that astronomers have never yet been able 
to observe any variation, though it is reasonable to suppose,—and 
other events go to show it—that the rate of spinning is slowing 
down by a very small amount. The time needed for one rotation 
of the earth on its axis, a day, is therefore a practically unchanging 
unit of time. Since the easiest way to count the days is to note 
each time that the rotation brings the sun overhead, a solar day has 
always been used as the ordinary unit of time. Since the earth 
in its yearly journey around the sun moves in an orbit which is not 
quite circular, the days obtained by observing successive passages 
of the sun are of unequal length, and the day adopted as the unit 
of time is the average or mean solar day. It is evident that the 
rotations of the earth could be checked off by watching for the 
passing of any other mark in the sky, as for instance any particular 
star, and this is the favourite method used by time observers to 
obtain accurate time. By a simple calculation the time obtained by 
such observations is transformed into mean time. 


LocaL TIME 
Until a few hundred years ago the earth was almost universally 
regarded as a stationary object, and many weird attempts were 
made to explain the sun’s daily journey across the sky. For ex- 
ample, there is the ancient myth that the wheels of Apollo’s chariot 
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came rolling out of the east in the morning, drove the shades of 
night westward across the sky, and in the evening descended into 
the western sea. It was only in the sixteenth century that men 
became convinced that the earth rotated on its axis. Now, with 
the help of a globe to represent the earth and a lighted lamp placed 
near the plane of the equator to represent the sun, every schoolboy 
learns of the rotation of the earth on its axis causing alternate day 
and night. Also by moving the globe around the lamp, care being 
taken to keep the axis pointing always in the same direction, the 
boy is taught the yearly journey of the earth around the sun. He 
sees that the sun is continually south of the equator in winter and 
north of it in summer, and he also sees the great circle which marks 
the dividing line between day and night, constantly changing its 
position relative to the equator and the poles. It is easily apparent 
that in Canada there is a much greater variation in the duration 
of daylight than in countries nearer the equator. 


He learns that on account of the rotation of the earth on its 
axis a point on the equator travels from west to east at the rate 
of about 1,000 miles an hour, at 40° latitude at about 800 miles an 
hour, at 60° latitude at about 500 miles an hour, the rate of travel 
decreasing to zero at the poles. He can see the lighted half and the 
dark half of the earth, and the great circle, forming the dividing 
line between day and night, shifting towards the west as the earth 
is rotated. Choosing any one point on the globe he sees it move 
from the dark side across this dividing line into sunlight in the 
morning, advance through sunlight to be most nearly under the sun 
at noon, and cross the dividing line at evening into darkness. On 
the globe our schoolboy sees Canada stretching east and west nearly 
one-quarter of a complete circuit, so that when the eastern part is 
crossing the line from darkness into sunlight the western part is 
still far around in the night. Later on when Nova Scotia has 
advanced to noon it will be morning in Yukon Territory. 

It is an old custom to have clocks set so that noon comes as 
nearly as possible at 12 o'clock. Obviously then the clocks in 
eastern Canada must be set several hours faster than the clocks in 
western Canada, and like differences of time occur on all the clocks 
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as one goes from east to west around the earth, only those places on 
the same north and south line having the same time. One hundred 
years ago people got the time for their clocks from the church 
clock, or the town clock, or sun dials, or perhaps from a primitive 
observatory. Each community had its own local time. Later the 
invention of telegraphy increased communication facilities between 
the different towns and countries, and the building of railways with 
their faster means of travel through the different communities made 
so many different local times exceedingly inconvenient and con- 
fusing. For instance, at one time a traveller, in going from Halifax 
to Toronto, had to change his watch at Saint John, Quebec, Mont- 
real, Ottawa, and Toronto. 


STANDARD TIME 


In England the very great inconvenience of running railway 
trains through town after town, separated by only a few miles but 
ach with its own local time, was met by adopting the local time 
at Greenwich Observatory as the time to be used throughout the 
whole country. In the United States, since local time in the east 
was four hours ahead of local time in the west, the use of a single 
time all across the country would have brought 12 o’clock in some 
localities several hours before or after noon, and hence the railways 
divided the country into four regions, which they called Eastern, 
Central, Mountain, and Pacific, the time used in these zones being 
five, six, seven, and eight hours, respectively, slower than Green- 
wich time. The change from one time to another was made at 
divisional points on the several railways. This time, used by the 
railways, which went by the name of “railway time”, was adopted 
by most towns in place of their own local time. 

From 1878 Sir Sandford Fleming had been advocating the use, 
throughout the world, of what are called standard time zones. At 
a world conference held at Washington in 1884, his suggestions 
were adopted and it was agreed to urge all countries of the world 
to use standard time zones. This scheme was a compromise be- 
tween the intolerable confusion of a multitude of local times and 
the apparently impractical ideal of a single universal time with all 
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clocks marking the same time irrespective of the various local times. 
Fleming proposed that the number of times in the world should be 
reduced to twenty-four. Each time zone would extend over one 
twenty-fourth of the circumference of the earth and would include 
all the territory between two meridians fifteen degrees apart, each 
zone being 1,038 miles wide at the equator and narrowing down to 
nothing at the poles. In each zone the time to be used was to be 
the local time at the central meridian of the zone. The first, or 
zero zone, was to be that having Greenwich as the central meridian 
and comprising that part of the earth between the meridians seven 
and one-half degrees east and west of Greenwich, respectively. The 
local time at the Greenwich meridian was to be, then, the standard 
time of the first zone. Westward from Greenwich the different 
standard time zones would use the local time at the meridians 15°, 
30°, 45° . . . 180° west of Greenwich, and eastward the local 
time at the meridians 15°, 30°,45° . . . 180° east of Green- 
wich. Some of these standard time zones have received generally 
accepted names, Mid-European and East European having times 
respectively one hour and two hours greater than Greenwich, while 
Atlantic, Eastern, Central, Mountain, Pacific, Yukon, and Alaska 
have times four, five, six, seven, eight, nine, and ten hours, re- 
spectively, less than that of Greenwich. The other zones are 
generally designated by their difference in time from Greenwich. 


Almost all large countries of the world have adopted the use of 
standard times differing by some integral number of hours from the 
local time at the Greenwich meridian, but many smaller countries 
and localities use an adopted time differing by other than whole 
hours. Labrador and Newfoundland use time 3 hours 31 minutes 
less than Greenwich, and many other such examples are seen in the 
appended list of standard times. In this list the term “standard 
time” is used to include such adopted times, though these were not 
included in the twenty-four standard times as originally defined. 

In Canada practical difficulties have prevented the eastern and 
western boundaries of the time zones from being placed exactly on 
the contemplated meridians. The railways already had arranged 
for change of time at divisional points. The provinces and terri- 
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tories enacted laws as to what time was to be used within the 
boundaries of their jurisdiction, and consequently in many cases 
provincial and territorial boundaries became boundaries of time 
zones. 


The use of time zones reduced the confusion and inconvenience 
formerly arising from the use of a multitude of local times and 
made it fairly easy to answer the very frequent question, “What 
is the time in one place corresponding to a given time in some 
other place?” There still remained some uncertainty as to the 
date at any instant at different points on the earth’s surface. 


The sailors who first circumnavigated the globe, sailing west- 
ward, are reported to have been surprised to find, on arriving again 
at the starting point, that the date in their log differed by one day 
from the date kept at their home port. They had “lost” a day. 
Those who sailed easterly around the globe “gained” a day. In 
neither case did they gain or lose any time, the days being longer 
going west and shorter going east. Imagine an aviator setting out 
from Greenwich at 2 p.m. and travelling westward at a speed of 
658 miles per hour, the same as the speed of rotation of the earth’s 
surface at that latitude. The sun would remain in the same direc- 
tion overhead. The local clocks the aviator saw while passing over 
America would all show 2 p.m., though his clock in the plane would 
show successively 6, 7, 8, 9, and 10 p.m. Continuing on around the 
world, the flier would find all local-time clocks showing 2 p.m., 
and would arrive back in London at 2 p.m. Although from his 
observations of local-time clocks he had appeared to fly around the 
earth in no time, he would, on his return, find it 2 p.m. of the day 
after his date of departure—as indeed the clock he carried would 
prove. Had he set his clock back to local time every time he saw 
a town clock, he would have “lost” a day as the sailors did. 


To avoid complications of this kind, it was agreed to use the 
meridian of 180° on the other side of the earth from Greenwich 
as a date line, a place to add the lost day when going west and to 
subtract the gained day when going east. In order that the date 
line may not pass through settled lands it is deflected westward 
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around Alaska and eastward to include Chatham islands and Tonga 
islands. 

The date is assumed to start when it is midnight at this meridian, 
then as this midnight point sweeps westward around the earth all 
that part west of the 180th meridian has the new date, one day 
greater than that east of this “date line’ until the. midnight point 
reaches the date line again. Then, for an instant all the earth has 
the same date, but the next instant the midnight point commences 
to sweep a new date westward from the date line. 


STANDARD TIME ZONES OF CANADA 

Since Canada extends east and west almost one-quarter of a 
complete circuit of the globe, and morning at the Atlantic may be 
still midnight at the Pacific, there are six different standard times. 
Six o'clock a.m. in Halifax is five a.m. in Ottawa, four a.m. in 
Winnipeg, three a.m. in Calgary, two a.m. in Vancouver, and one 
a.m. in Dawson. While any locality is using daylight saving time 
it is simply adopting the standard time of the zone to the east of it. 

The legal boundaries of the time zones are shown on the accom- 
panying map. With the exceptions of Quebec, Ontario, and the 
Northwest Territories, each province has adopted a single standard 
time. Atlantic standard time, which is the local time at the 60th 
meridian (running near Sydney, Cape Breton), is four hours less 
than Greenwich and is used throughout Nova Scotia, Prince Edward 
Island, New Brunswick, and those parts of Quebec and the North- 
west Territories east of the 68th meridian. Eastern standard time, 
which is the local time at the 75th meridian (running near Corn- 
wall, Ontario), is five hours less than Greenwich and is used in 
Quebec west of the 68th meridian, in Ontario east of the 90th 
meridian, and in the Northwest Territories between the 68th and 
85th meridians. Central standard time, which is the local time at 
the 90th meridian, is six hours less than Greenwich and is used in 
Ontario west of the 90th meridian, in Manitoba, in the Northwest 
Territories between the 85th and 102nd meridians, and in the south- 
easterly part of Saskatchewan. Mountain standard time, which is 
the local time at the 105th meridian (running near Regina, 
Saskatchewan), is seven hours less than Greenwich and is used 


4 
tag 
if 
Nay 
| 


56 C. C. Smith 


throughout Saskatchewan, excepting the southeasterly part, through- 
out Alberta, and in that part of the Territories between the 102nd 
and the 120th meridians. Pacific standard time, which is the local 
time at the 120th meridian (running near Kamloops, British Colum- 
bia), is eight hours less than Greenwich and is used throughout 
British Columbia and in that part of the Northwest Territories 
lying west of the 120th meridian. Yukon standard time, which is 
the time at the 135th meridian (running near Whitehorse, Yukon 
Territory), is nine hours less than Greenwich and is used through- 
out Yukon Territory. 

Near the boundaries of the zones, some municipalities adopt the 
time used by the local railways, in some cases differing from the 
standard. There are also villages which adopt such time as seems 
to best suit their convenience. In general, however, the legal boun- 
daries of the several time zones are actually in use. 


Dayiicut SAVING TIME 

Although propaganda had been carried on for some years pre- 
viously it was not until the beginning of the Great War that the 
adoption of daylight saving time was seriously considered. In 1916 
an Act of Parliament legalized its use in Great Britain and since 
that time it has been maintained there. The United States adopted 
daylight saving over the entire country in 1918, and in 1919 its 
use there was fairly general. Since that time some states have 
legislated to continue its use, and many cities and towns, particularly 
in the eastern and central states, have done similarly. 

In Canada the Dominion Government, by the Daylight Saving 
Act of 1918, required the adoption of daylight saving during the 
summer of that year. This is the only legislation relating to the 
adoption of time that the federal Government has passed and the 
Act lapsed after that year. 

Subsequently, many of the provinces passed acts providing for 
the legal adoption of daylight saving—usually upon requests from 
individual municipalities. Excepting in the province of Quebec 
there is no means of finding out what cities and towns use daylight 
saving other than by reference to each separate place. 

A fact to which little attention is paid, is that the position of any 
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city with reference to the standard meridian of its time zone has 
considerable bearing on the question of the adoption of daylight 
saving. For example, the standard meridian of the eastern standard 
time zone passes slightly east of Ottawa, and for Port Arthur, near 
the westerly boundary of the zone, this standard time is fifty-seven 
minutes faster than the local time, while for Rimouski, situated 
near the easterly boundary of the zone, standard time is twenty-six 
minutes slower than the local time. Daylight saving time would, 
therefore, be much more suitable for the place east of the standard 
meridian. In Canada the standard meridians are, in general, east 
of the centres of the time zones, so that for the most part “fast 
time” is being used all the year. North of the sixtieth parallel, 
during the ordinary period for the application of daylight saving, 
there is enough daylight to satisfy the most prodigal user so that 
daylight saving is not necessary there. 

A list of the places in Canada using daylight saving time would 
require yearly revision. From information kindly furiaished by 
the provincial governments and by the postmasters in many cities 
and towns, it is found that the following places used daylight sav- 
ing in 1930. The information for the province of Quebec is definite, 
for the other provinces only approximate: 


Province Daylight saving time used 

Prince Edward Island Not used. 

Nova Scotia. ........ In Halifax only. 

New Brunswick ; In St. John only. 

Quebec ..In the following places: 
Montreal Lachine 
Quebec Mont-Royal 
Lévis Iberville 
St. Lambert Cap de la Madeléine 
Verdun Loretteville 
West mount Richmond 
Outremont Giffard 
Sorel St. Jérd6me 
Longueuil Greenfield Park 
Arvida Waterloo 
Chambly-Canton Beaulieu 
Melbourne La Tuque 


St. Théophile Buckingham 
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Ontario. . . Facade ¢Qsehieg Used generally in the cities and towns along 
the southerly part of the province. Not 
used in the northwesterly part. 

Saskatchewan....... = In Regina only. 


With some exceptions, the use of daylight saving may be said to be limited 

to those cities and towns lying between Quebec city and Windsor, Ont. 
UNiversaL TIME CHART 

The universal time chart is for the purpose of finding the 
corresponding times at different places. 

For those countries and places whose standard times differ by 
whole hours from Greenwich time, the chart gives an easy and 
reliable method of conversion. 

At each standard meridian there is a vertical column of figures 
including all the hours of the day, a.m. and p.m. The outline map 
of the world superimposed on the chart suggests the standard time 
used at any place. The horizontal lines show the corresponding 
times. 

Pick out any hour in that vertical column passing nearest to any 
particular place, follow the horizontal line to the column nearest 
to any other place required, and the corresponding time is obtained. 
A change of date occurs as the horizontal line crosses the diagonal 
line running from the upper right to the lower left corner, the date 
of those places lying to the right of the diagonal being one greater 
than that of those to the left. 


Examples 
(1) 4" p.m. July 5 at Ottawa corresponds to 
118 a.m. July 5 at places in Alaska, to 
9" p.m. July 5 at Paris, and to 
6° a.m. July 6 at Tokyo. 
(2) 3° 15™ p.m. August 3 in Western Australia corresponds to 
7" 15™ a.m. August 3 at Greenwich and to 
11" 15™ p.m. August 2 at Vancouver. 


ADOPTED STANDARD TIMES OF THE WorLD 
The very many cases in which deviations from the theoretical 
boundaries of the standard time zones occur and the many instances 
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in which localities adopt a time which is not that of a standard 
meridian, make the use of the following table frequently necessary. 
The table has been taken from the Nautical Almanac, for which 
privilege thanks are due to Dr. L. J. Comrie, Superintendent. 

In the case of those places using daylight saving time the hours 
in the first column must be corrected by subtracting one hour for 
the period during which daylight saving is in force. 

STANDARD TIMES 


Meridian | Designation | Places 
h m s | 

-12 20 {Tonga or Friendly Islands 

—12 |Wrangell Island, and North and South Coasts 
| of Siberia to long. 172° 30’ W., Fiji Islands. 

—11 30 |New Zealand, Chatham Islands. 

—11 12 |Norfolk Island. 

—11 'North Coast of Siberia, and Kamchatka to 


« 


| long. 172° 30’ E., Caroline Islands east of 
| long. 154° E., New Caledonia, New Heb- 
brides, Santa Cruz, Nauru and Marshall 
Islands. 
—10 ‘North and South Coasts of Siberia to long. 
157° 30’ E., Tasmania, Victoria, New 
South Wales (except Broken Hill Area), 
| Queensland, Lord Howe Island, British 
New Guinea, Caroline Islands west of long. 
154° E. (except Palau and Yap), Marianas 
or Ladrones Islands, Guam Island. 
—09 30 lSouth Australia, Broken Hill Area (N.S.W.), 


Northern Territory (Australia). 
—09 North Coast of Siberia and East Coast of 


Manchuria to long. 142° 30’ E., Japan 
Korea, Palau and Yap (Caroline Islands). 


33 Amboina. 

30 Ternate. 

—OS 20 Balik Papan. 

—O08 |North Coast of Siberia to long. 127° 30’ E., 


China (all the coast except Hainan Island 
and Pakhoi) including Wuchau on the West 
River and Ichang on the Yangtze Kiang, 
Hong Kong, Macao, Ryojun Ko (Port 
Arthur), Formosa, Pescadores Islands, 
Labuan, Philippine Islands, British North 
Borneo, Timor, Western Australia. 
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Meridian Designation | Places 
h m s 

—O7 57 37 Macassar. 

—07 30 Sarawak. 

—07 20 Java, Muntok. 

-—07 17 \Pontianak. 

—07 North Coast of Siberia to long. 112° 30’ E., 

Hainan Island and Pakhoi (China), French 
| Indo-China, Siam, Straits Settlements, 
Federated Malay States. 

—06 42 {Emma Harbour. 

—06 30 Burma, Cocos Islands, Nicobar Islands. 

—06 10 Andaman Islands. 

—06 |North Coast of Siberia to long. 97° 30’ E. 

—05 53 20 8) Calcutta. 

—05 30 | India (except Calcutta), Portuguese India, 

Ceylon, Laccadive Islands. 

—05 North Coast of Siberia to long. 82° 30’ E., 
Chagos Archipelago. 

Maldive Islands. 

—Ot Novaya Zemlya and North Coast of Siberia 
as far east as long. 67° 30’ E., Mauritius, 
Réunion, Seychelles, Amirante Islands. 

—03 North Coast of Russia from long. 40° E. to 
52° 30’ E., Iraq, Eritrea, French and Italian 
Somaliland, Kenya Colony and Protector- 
ate, Tanganyika Territory, Madagascar, 
Comoro Islands, Socotra, Zanzibar. 

—02 59 54 | Aden, British Somaliland. 

—02 30 \Uganda. 

—02 East European |Finland, Estonia (except Revel), Latvia, 
| European Russia, North Coast of Russia, 
| and North Coast of Black Sea to long. 40°E,,. 
| Romania, Bulgaria, Turkey, Greece, 
| Cyprus, Palestine, Syria, Egypt, Sudan, 
| Portuguese East Africa, Nyasaland, Rho- 

desia, Union of South Africa. 

—01 38 57 | Revel. 

—01 Mid-European | 


|Norway, Sweden, Denmark, Lithuania, Ger- 
| many, Poland, Czechoslovakia, Austria, 
Hungary, Switzerland, Yugoslavia, Al- 


bania, Italy, Sardinia, Sicily, Malta, Tun- 
isia, Libya, Nigeria, Cameroons, French 
Equatorial Africa, Belgian Congo, Portu- 
guese West Africa (Angola). 


| | 
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Meridian 
h m 
—00 19 
h m 
h m 
00 
+00 23 
+01 
+01 06 
+02 
+03 
+03 30 
+03 31 
+03 40 
+03 45 
+03 51 
+03 51 
+04 
+04 19 
+04 30 
+04 36 
+04 56 
+05 


| Designation 
s 
32.1 
s | 
s 
Greenwich 
35 
25 
Atlantic 
52.4 
Eastern 


Places 


\The Faeroes, Great Britain and Northern 

| Ireland, Irish Free State, Channel Islands, 

, Belgium, France, Spain, Portugal, Gib- 

| raltar, Balearic Islands, Corsica, Algeria, 

| Morocco, Ivory Coast, Gold Coast Colony, 

| Togoland, Dahomey, Principe, Sao Thomé, 

| Spanish Guinea, Fernando Po, Luxem- 
bourg. 

St. Helena. 

Iceland, Madeira, Canary Islands, Mauri- 
tania, Rio de Oro, Senegal, Portuguese and 
French Guinea, Sierra Leone, Liberia, 
Ascension Island. 

Gambia. 

Azores, Cape Verde Islands, Fernando No- 
ronha and Trinidad Islands (S. Atlantic). 

Eastern Brazil (including all the Coast). 

|Uruguay. 

Labrador, Newfoundland. 

Dutch Guiana. 

British Guiana. 

South Georgia. 

Falkland Islands. 

*Canada (east of 68th meridian), Nova 

| Scotia, Prince Edward Island, St. Pierre 
and Miquelon, Porto Rico, Leeward Is- 
lands, Guadeloupe, Martinique, St. Vin- 
cent, Barbados, Grenada, Tobago, St. 
Lucia, Trinidad, French Guiana, Central 
Brazil, Argentina. 

Bermuda. 

Venezuela. 

Cura-ao Island. 

Colombia. 


\*Canada from 68th to 89th meridian, Eastern 
| States of U.S.A. (Connecticut, Delaware, 
Florida, Georgia, Maine, Maryland, Massa- 
chusetts, New Hampshire, New Jersey, 
New York, North Carolina, Pennsylvania, 
Rhode Island, South Carolina, Vermont, 


|Holland. 
3 
a 
x 
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Meridian | Designation 
+05 14 
+05 19 24 
+05 45 10 
+06 Central 
+07 Mountain 
+08 Pacific 
+09 
+10 
+10 30 
+10 38 
+11 
+11 30 


*See pages 75, 76 and 77. 


Places 


Virginia, West Virginia), Washington, 
D.C., Bahamas, Cuba, Haiti, Dominican 
Republic, Jamaica, Panama Canal Zone, 
Chile, Peru, Western Brazil. 

Ecuador (except Guayaquil). 

Guayaquil. 

Nicaragua. 

\*Canada from 89th to 103rd meridian, Central 

States of U.S.A. (Alabama, Arkansas, II- 

linois, lowa, Indiana, Kansas, Kentucky, 

Louisiana, Michigan, Minnesota, Missis- 

sippi, Missouri, Nebraska, North Dakota, 

Ohio, Oklahoma, South Dakota, Tennessee, 

Texas, Wisconsin), Mexico (Quintana Roo, 

| Yucatan, Campeche, Tabasco, Vera Cruz, 

| Oaxaca and Chiapas), British Honduras, 
Honduras, Salvador, Costa Rica. 

'*Canada from 103rd meridian to boundary of 

| British Columbia, Mountain States of 
U.S.A. (Arizona, Colorado, Idaho, Mon- 
tana, New Mexico, Utah, Wyoming), 
Mexico (Southern district of Lower Cali- 
fornia, Sonora, Sinaloa, Tepic, Jalisco, 
Colima, Michoacan, Guerrero, Tamau- 
lipas). 

Sitka, British Columbia, California, Nevada, 
Oregon, Washington, Mexico (Northern 
District of Lower California). 

Yukon, Cordova, Juneau, Ketchikan. 

Alaska (except certain ports), Marquesas 
Islands, Tuamotu or Low Archipelago, 
Society and Austral Islands. 

Hawaiian (formerly Sandwich) Islands. 

Cook Islands (including Rarotonga). 

‘Aleutian Islands, West Coast of Alaska, 
Eastern Samoa (U.S.A.). 

|Western Samoa (British). 


| 


| 
| 
| | 
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SUNRISE AND SUNSET 


The time of sunrise or sunset is defined as the time when the 
true zenith distance of the sun’s centre is 90° 50’. This is the time 
when the upper edge of the sun’s disc appears or disappears on a 
level plain, allowing 34’ for refraction and 16’ for the semi-diameter 
of the sun. From the following tables the standard time of sun- 
rise or sunset can be easily obtained. 

Table i gives the degree of latitude and the correction from local 
to standard time for 152 places in Canada. The abbreviations A, 
E, C, M, and P are used for Atlantic, eastern, central, mountain, 
and Pacific standard times respectively. Thus for St. John, N.B., 
the nearest degree of latitude is 45°, and a correction of +24 
minutes is required to reduce to Atlantic standard time. Had it 
been required to obtain eastern standard time the correction re- 
quired would obviously have been —36 minutes. 

Table ii gives the local times of sunrise and sunset for every 
fifth day of the year for latitudes from 40° to 60°. 

With the latitude obtained from table i (using that given for 
the nearest place), the local time of sunrise or sunset for the date 
required can be taken from table ii. The time correction obtained 
from table i and applied to this local time gives approximately the 
required standard time. 

Example 1. To find the approximate times of sunrise and 
sunset at Pembroke, Ontario, on September 1. From table i the 
latitude is 46° and the correction to eastern standard time is +8 
minutes. From table ii the local times of sunrise and sunset for 
latitude 46° on September 1 are 5 hours 19 minutes and 18 hours 
40 minutes, respectively. The approximate standard times are, 
therefore, 5 hours 27 minutes and 18 hours 48 minutes. 

Example 2. To find the approximate times of sunrise and 
sunset at Guelph, Ontario, on July 1. For Hamilton (the nearest 
place given in table i) the latitude is 43° and the correction to 
eastern standard time is +20 minutes. From table ii the local 
times are by interpolation 4+ hours 24 minutes and 19 hours 45 
minutes, and hence 4 hours 44 minutes and 20 hours 3 minutes are 
the approximate standard times. 
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For places not given in table ii the latitude and local time cor- 
rection can, of course, be easily obtained from a map or otherwise, 
and the times of sunrise and sunset obtained correct to a minute. 

When sunrise and sunset are required each year at any place, 
the following method of computation has been found useful. Ti 
the times to the nearest second be computed for every day in any 
one year, then the times for ensuing years can be formed from 
these by interpolation. For since the length of the tropical year 
is 365.2422 days, and the length of the civil year is 365 days, or 
366 days in leap years, it follows that if T,,,, be the time of rising 
or setting on any particular day in 1931, and AT the difference 
between that day and the next (or preceding), we will have 

Tio314n = T1931 + KAT 
where K=-—.2422n+the greatest integer in 

It is to be noted, however, that in a leap year this value of K 
applies in January and February only, and must be increased by 
unity for the remaining months. 


TABLE I 

LATITUDES AND QUANTITIES FOR REDUCTION OF LOCAL TO STANDARD TIME 

Nova Scotia Lat. Min. Lat. Min. 
Amherst. . 46° +17 A Campbelltcn 48 +27 A 
Annapolis 45 +22 A Chatham... 47 22 A 
Antigonish 46 +8 A Edmundstcn 47 +33 A 
Canso 45 +4A4 Fredericton 45 +27 A 
Digby 45 +23 A Menceten. 45 +19 A 
Glace Ray 16 OA Richibucto 47 +20 A 
Halifax 45 +14 A St. Andrews 45 +28 A 
Lunenburg 44 +17 A St. John... 45 +24 A 
Mulgrave 46 +6A Shediac 46 +I1S A 
Pictou 4% +11 A Shippigan. 48 +19 A 
Shelburne 44 +21 A Woodstock 45 +30 A 
Sydney. 45 + 1A 
Truro... 45 4153 A 
Yarmouth 44 +24 A P.-E. Island 

New Brunswick Charlottetown 45° +12 A 
Bathurst 48° +23 A Ceorgetown. +11 A 
Boiestown 45 +25 A Tignish 47 +16HA 
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Quebec 


Eskimo Point........ 


Farnham........ 


Gatineau River Forks. 
Grand’ Mére........ 


Harricanaw.... 


Harrington Harbour. . 


Hull... 
Knowlton 
Lachute.... 
L’Islet.. 


Maniwaki........... 


Matane.... 
Megantic... 
Montreal... .. 
Murray Bay...... 
Natashkwan...... 
New Carlisle. . . . 
Percé. .. 

Quebec. .... 
Roberval... . . 


St. Augustin River... 


St. Hyacinthe..... 
Seven Isls... 
Sherbrooke. . 
Sorel... 
Tadoussac.... . 
Three Rivers. ... 


Valleyfield..... 


Ontario 
Arnprior.. . 
Barrie. 
Belleville......... 
Brantford. 
Brockville......... 
Chapleau..... 
Cornwall...... 
Hamilton. . . 
Kenora. 
Kingston....... 
London........ 


TABLE I—Continued 


Min. 
-—-1E Matheson........ 
+6E New Liskeard...... 
+15 A Niagara Falls........ 
—-8E North Bay........... 
+12 E Owen Sound......... 
—2A Pembroke. ....... 
+3E Peterborough. . . 
—-1l0 E Port Colborne. . 
-—-3E Rainy River... 
-19 E Renfrew. . 
+4E Rondeau... . 
—-16E Sault Ste. Marie...... 
—6E Stratford.... 
E Sudbury. . 
+7A Toronto. ... 
+21 A Windsor. . 
+17 A 
-15 E Manitoba 
— 5A Brandon. 
—-8E Carman..... 
+26 A 
-12 E 
—8E Emerson. 
—21 E Gimli... 
—-10 E Killarney... ... 
—3E Neepawa....... 
Oak Point............ 
Min Portage la Prairie 
+5E 
+19 E The Pas... 
+9E Winnipeg. . 
+21 E 
+3E Saska'chewan 
+34 E 
-—1E Biggar. . 
+20 E 
+18 C Hudson Bay Jct.... 
+6E Indian Head.... 
+25 E Maple Creek. . . 
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+ 
t 
to 


+19 


+ 


+++ 
bo 


+ 

to 


+ 
to 


Lat. Lat. Min. 
46° 49 
48 48 
43 
15 46 
47 45 
49 45 
46 
45 43 = 
45 pa 
42 
49 43 
46 47 = 
46 43 " 
48 47 
.. 48 42 se 
47 
48 50° Pon 
50 
46 50 
45 51 
46 49 
.. 48 51 
46 49 
..... 45 50 
51 x 
Lat. 50 
45° 50 
44 54 ¢ 
44 50 
43 
45 
48 53° +13 M et 
45 52 +12 M 
4 49 —8M 
50 53. +49 
44 50 — 5M 
4 50 +18 M 


Lloydminster........ 


Melville... .. 


North Portal. .... 
Prince Albert........ 
Qu’Appelle....... 
Saskatoon....... 
Swift Current... . 
Weyburn........ 


Alberta 


Athabasca....... 
Blairmore........ 
Coronation....... 
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Medicine Hat 


Red Deer........... 


Spirit River. . 
Wetaskiwin... 
Jasper 


British Columbia 
Agassiz. 
Ashcroft. .... 
Banfield 


Campbell River.... 


Chilliwack. . . 
Esquimalt 
Fernie 


Grand Forks...... 


Kamloops. . 
Lillooet. 
Nanaimo..... 
Ocean Falls. . . 
Prince Rupert. 
Revelstoke . 

Vancouver. . 

Victoria...... 


66 
Lat. Min. Lat. Min. 
+20 M ..... 5 +23 M 
Moosejaw........... 50 +2M .... 56 +56 M 
Mortlach........... 50 +4M™M ..... 53 +33 M 
49 -10 M ...... 53 +52 M 
53 +3M 
51 —4M 
50 2M .... 49°+ 7P 
52 +7M ..... SL +5P 
50 +11 M ... 49 +21 P 
50 — 5M 21 P 
.... 499 +8P 
55° +33 M ..... 50 —20P 
51 +42 M 
51 +36 M ..... 51 +8P 
52 +26 M 49 +16 P 
Edmonton.......... 54 +34 M ..... §2 +31 P 
Exshaw............. 51 +41 M .... 54 +41 P 
Grande Prairie...... 55 +55 M .... 51 -—7P 
Lac la Biche........ 55 +28 M ..... 49 +12 P 
Lethbridge.......... 50 +31 M woo... 48 +13 P 
— 
4 
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TABLE II 
LocaL TIME OF SUNRISE 
Lat 40° 42° 44° 46° 48° 50° §2° 54° 56° 58° 60° 
Date 
Jan. |} h mjh mjh mjh mj{h mjh mjh m 
1|7 287 7 42|7 50) 7 59) 8 O8| 8 32) 8 46,9 03 
6|7 22) 7 50|7 58) 8 O7| 8 30) 8 44,9 00 
11 | 7 7 28) 7 3417 #40|7 %5S56 8 15) 8 26) 8 40) 8 55 
16 | 7 20| 7 26) 7 31/7 387 45) 7 11)8 22)}8 348 48 
21|7 #18| 7 #23) 7 #28) 7 #34, 7 4117 #4817 8 15)8 26)8 39 
26|7 14,7 7 #36) 7 #43) 7 588 8 18) 8 30 
31 7 15) 7 7 24,7 7 36) 7 #43) 7 #%SO|7 O8| 8 18 
Feb. 
5|7 06/7 7 14/7 #18) 7 23) 7 7 35) 7 42) 7 57/8 07 
10 | 7 7 04, 7 O7| 7 7 16/7 7 26/7 32) 7 39) 7 46,7 54 
15 | 6 7 OO} 7 7 7 7 #17| 7 22) 7 28) 7 41 
20 | 6 4816 50/6 53) 6 56) 6 59) 7 O03) 7 7 11) 7 16) 7 21) 7 27 
41/6 42) 6 45,6 47| 6 50/6 53) 6 56) 7 OO} 7 7 O8| 7 13 
Mar. 
35) 6 36) 6 38) 6 40) 6 43) 6 46/6 4816 51] 6 55) 6 58 
7|6 6 27) 6 28) 6 2916 33) 6 36) 6 3916 41) 6 44 
12 | 6 18) 6 18) 6 19| 6 20) 6 21) 6 22} 6 23) 6 2416 26/6 27) 6 29 
17 | 6 10} 6 10} 6 10) 6 10) 6 12) 6 12} 6 413) 6 14 
6 6 6 6 OO} 6 6 OO} 6 OOF 5 5915 58 
2715 545 52) 5 5115 50; 5 485 4715 4615 4515 43 
April | 
4615 445 43/5 41/5 40)5 39) 5 37| 5 35) 33) 31) 5 28 
6/5 3815 35/5 3415 32] 5 3015 28/5 26/5 23/5 2015 1715 13 
11 | 5 30) 5 5 25) 5 22) 5 5 14| 1115 0715 O03) 4 & 
16} 5 195 165 13) 5 10) 5 07) 5 03} 4 59| 4 54,4 4914 43 
11) 5 O08} 5 5 OO} 4 57| 4 52) 4 421 4 #36) 4 28 
26 | 5 08 5 0415 00} 4 56/4 51/4 47) 4 4 36/4 30/4 22} 4 14 
May | | 
1 5 4 57) 4 52) 4 48) 4 43) 4 38) 4 32) 4 18) 4 10).4 00 
6|4 55) 4 50/4 46/4 40/4 35/4 29,4 22/4 15) 4 07/3 58/3 47 
50|\4 4414 39) 4 21) 4 14| 4 56) 3 4613 #34 
16|4 4414 39) 4 33/4 27) 4 21/4 14/4 06/3 57/3 47/3 3513 22 
21/4 34/4 28) 4 15) 4 07 3 59/3 4913 38/3 2513 11 
26 | 4 37/4 31/4 2414 17/4 02) 3 52)3 4213 30) 3 417).3 00 
_31 4 34) 4 28/4 21/4 14/4 06/3 57/3 471 3 36/3 24/3 O09) 2 52 


ia 
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TABLE I1—Continued 
LocaL TIME oF SUNSET 


40° 


42° 


48° 


50° 


52° 


O8|18 
13/18 
18|18 


23/18 
28)18 
33)18 
38/18 
4418 
49/18 


54)18 
59|19 
08)19 
13)19 
17|19 
21)19 


19 


14 


03 


17 


17 
17 
18 
18 
18 
18 


18 
18 
18 
18 
18 
19 


19 


3)19 


19 
19 
19 
19 
19 


17|19 
25/19 
32/19 
39)19 
46)19 
52/20 
58,20 


48)15 
O9}15 


38)17 
47|17 
57\17 
06/18 
16) 18 
25/18 
| 
34/18 
44|18 
53/18 
02\19 
11/19 
21/19 


51/16 
02)16 
13)17 


35)17 
45)17 
56)17 
06/18 
1618 
26/18 


m/h 
21/15 
28/15 
37/15 
4715 
57\15 
08/15 
20 16 


32/16 
44/16 
56/16 
08|17 
20/17 


23 


bd 
68 
| | 
Lat./| | | 44° | 54° | 56° | 58° | 60° 
Date 
1 |16 45)16 39)/16 32/16 25/16 17/16 08/15 59/15 36/15 04 
6 |16 49/16 44/16 37/16 30/16 22/16 14|16 04/15 42|15 12 
11 |16 54/16 4816 4316 36/16 2816 20/16 11/16 50|15 22 
16 |17 5416 48/16 42\16 27/16 19/16 59|15 33 
21 55116 49116 42/16 35/16 27:16 18/16 O8|15 44 
26 |17 11/17 O7|17 02/16 5616 50:16 43)16 36/16 28/16 19/16 57 
31 |17 13/17 O8|/17 58/16 5116 45/16 38/16 29/16 10 
Feb. | | | 
5  20)17 15/17 11/17 06/17 00/16 54/16 48/16 40/16 = 
10 |17 29/17 2617 22/17 14/17 03/16 58/16 36 
15 |17 ah 32\17 29/17 26/17 22\17 1717 13/17 08,17 49 
20 |17 41)17 39117 3617 33/17 30)17  26)17 | 02 
25 |17 47|17 4517 42/17 37|17 34/17 28|17 24/17 15 
Mar. | | | 
2 \17 52\17 47 45|17 al 31/17 28 
7 58\17 57/17 55/17 53)17 51|17 49/17 43.17 40 
12 |18 = 00|17 58)17 53 
17 |18 O8|18 O8|18 0818 06/18 05 
22 |18 14/18 MIS 14 1518 15/18 15/18 1718 17 
27 |18 19/18 20/18 21 salts 23/18 24/18 28/18 29 
| 
April | | 
1 25/18 2618 28 29/18 3018 39/18 42 
6 |18 30/18 32/18 34 36/18 38/18 41)18 47|18 54 
11 |18 36/18 38/18 41 44\18 49|18 57/19 01/19 06 
16 |18 42\18 44/18 48 5418 58/19 o7\19 12/19 18 
21 |18 47|18 50/18 54 58|19 02\19 0619 17|19 23/19 31 
26 |18 52|18 56|19 O01 0519 10/19 15)19 27\19 3519 43 
May | | 
1 |18 58|19 12:19 23/19 30/19 37/19 46/19 55 
6 |18 03/19 1 19/19 32|19 3919 48/19 57/20 08 
11 {19 09119 14/19 20 26)19 40)19 48/19 57|20 0820 20 
16 |19 20119 26 32/19 4819 56/20 07/20 32 
21 |19 19/19 25)19 39/19 = 05)20 28/20 43 
26 |19 24/19 30/19 44}19 02/20 12/20 24/20 3820 54 
31 |19 28 34l19 42 50|19 08|20 19/20 32/20 46/21 04 
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TABLE II—Continued 
LocaL TIME OF SUNRISE 
Lat..| 40° | 42° | 44° | 46° | 48° | 50° | 52° | 54° | 56° | 58° | 60° 
Date | 
5 | 4 4 25,4 184 03) 3 543 43) 3 32) 3 #1913 03) 2 45 
10 | 4 31/4 2414 17) 4 O09 4 OO} 3 41/3 29'3 15)2 39 
15 | 4 30) 4 24,4 16) 4 08) 4 00} 3 50) 3 39) 3 27/3 13) 2 56) 2 36 
20 | 4 31) 4 24) 4 1714 09' 4 00} 3 50|3 393 27; 3 13) 2 56/2 35 
25|4 32/4 25) 4 18) 4 10/4 O1/3 51/3 2813 1412 36 
30 | 4 34) 4 27; 4 20) 4 12) 4 3 54/3 43/3 31/3 +17) 3 OO} 2 40 
| 
July | 
5 | 4 36) 4 30) 4 23) 4 15 4 07/3 57} 3 46/3 34) 3 21/3 05) 2 45 
10 4 39/4 33.4 26/4 11/4 01/3 51/3 40| 3 26,3 11/2 53 
15 4 43) 4 37) 4 30) 4 23) 4 15) 4 06) 3 5713 4613 33) 3 1913 O82 
20 | 4 41) 4 35) 4 28) 4 21/4 12,4 03) 3 53) 3 41/3 28) 3 12 
25/4 51/4 4614 4014 33/4 26) 4 18} 4 10) 4 3 4913 37/3 22 
30 4 55) 4 5114 45) 4 39) 4 33) 4 25| 4 17) 4 08) 3 58) 3 47) 3 34 
| 
Aug. | 
4\5 004 56/4 50| 4 45) 4 39] 4 25,4 17/4 07/3 5713 45 
9 | 5 05) 5 01) 4 56) 4 51) 4 46) 4 39) 4 33) 4 25) 4 17) 4 3 58 
14 | 5 10) 5 06} 5 02; 4 57| 4 52) 4 46, 4 41) 4 34 4 10 
19 | 5 14,5 11) 5 5 04/4 59) 4 5414 49/4 43) 4 37/4 30/4 22 
2415 1915 165 13 5 10) 5 06) 5 4 57) 4 52) 4 4 40) 4 34 
Sept. | | 
3|5 255 165 13)5 10) 5 06) 5 02) 4 57 
8 | 5 33 5 32) 5 30|5 2815 26) 5 24) 5 22)}5 19/5 165 13) 5 09 
13 | 5 38) 5 37) 5 36/5 35) 5 3315 3015 2815 26/5 23/5 21 
18 | 5 43) 5 42) 5 42} 5 40) 5 39) 5 385 37) 5 36,5 34/5 33 
2315 485 4815 47/5 465 4615 46/5 45/5 4515 44 
28 | 5 52 5 5315 5315 5415 545 545 545 56,5 56 
| | 
Oct. | | 
3|5 585 5916 00| 6 6 02; 6 04 6 05 6 06) 6 O08 
8 | 6 6 05) 6 6 6 09 6 11/6 15) 6 17) 6 20 
1316 1116 13/6 1516 17| 6 20'6 22; 6 25) 6 28) 6 32 
18 | 6 15) 6 18/6 6 23) 6 28/6 36/6 44 
23/6 186 6 6 30) 6 33| 6 41/6 46,6 51/6 57 
28 | 6 27/6 30) 6 6 42) 6 46/6 51|6 57| 7 03} 7 10 
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TABLE I1—Continued 


Locat TIME oF SUNSET 


48° | 50° | 52° | 54° 


3719 
22/19 28/19 
12/19 18/19 
02/19 
52/18 56/19 


42)18 45/18 
33/18 
20/18 22)18 
O9}18 10/18 
58|17 
47/17 46/17 


36)17 35/17 
25/17 24/17 
15|17 12/17 
05/17 
55)16 51/16 
45/16 41/16 


|_| 
| 
Lat..| 40° | 42° | 44° | 46° | 56° | 58° | 60° 
Date 
5 |19 25/19 31/19 38/19 46119 54/20 03/20 13/20 25/20 38/20 54/21 12 
10 |19 28/19 34/19 42/19 49/19 58/20 07/20 18/20 30'20 44/21 00/21 19 
15 |19 30/19 37/19 44/19 52/20 o1/l20 10/20 21/20 33/20 48/21 04/21 24 
20 32/19 39119 46/19 54/20 03/20 12/20 23/20 36/20 50/21 07/21 27 
25 19 33/19 40/19 47/19 55/20 o4\20 24/20 36/20 51/21 08/21 28 
30 19 33/19 40/19 47/19 55/20 o3i20 50/21 06/21 26 
uly | 
, 5 |19 32/19 39/19 46/19 53/20 02/20 12/20 22120 34/20 47/21 03/21 22 
10 |19 30/19 37/19 44/19 51/19 59/20 08/20 18120 3020 43/20 58/21 16 
15 19 28/19 34/19 41/19 48/19 56/20 0520 14/20 25/20 37/20 52/21 09 
20 19 25/19 31/19 37/19 44119 51/20 wn20 09/20 1920 30/20 44/21 00 
25 21/19 26/19 32/19 39/19 46/19 54/20 02/20 12/20 22/20 35/20 49 
30 17/19 2219 27/19 33l19 47}19 55/20 13/20 24:20 38 
Aug. | | 
4/19 11/19 16/19 21/19 26/19 32/19 39/19 46/19 54/20 03/20 14/20 25 
9/19 0619 10/19 14/19 19119 24/19 = 52/20 02/20 12 
14 59/19 O3/19 O7/19 11119 1619 3419 41/19 49119 58 
19 59/19 03/19 07/19 23/19 29)19 44 
24 18 45/18 48/18 51/18 54/18 58/19 12)19 17/19 23119 30 
29 38/18 40/18 42/18 45/18 4818 ool19 05)19 15 
Sept. | | | 
3 30/18 31/18 34/18 36/18 38,18 48/18 52|18 56/19 00 
8 |18 22/18 23118 24/18 26/18 28l18 36/18 42/18 45 
13 |18 14/18 14/18 15/18 17/18 23)18 25/18 98|18 30 
| 18 |18 05/18 O5/18 O6/18 O7I18 11/18 12/18 13/18 15 
23 57/17 57117 57117 57/17 58/17 59|17 59/17 59 
28 49/17 48/17 48117 47117 47/17 44 
Oct. | | | 
3 17 41/17 39/17 38/17 37/17 36/17 3417 31/17 29 
8 17 33/17 31/17 30/17 28117 26117 21/17 19/17 17/17 14 
13 25/17 23/17 21/17 19/17 16117 03117 00 
18 |17 17/17 «15/17 12/17 10/17 07117 58/16 54/16 50/16 45 
23 10/17 O7|17 04:17 O1116 58/16 4616 42/16 31 
28 |17 04/17 00/16 57|16 53/16 49/16 36|16 30/16 24/16 17 


Standard Time and Time Zones in Canada 


TABLE 1I1—Continued 
LocaL TIME OF SUNRISE 


Lat..| 40° 42° 44° 46° 48° 50° §2° 54° 56° 58° 

Date 

2/6 33) 6 37|6 4116 46 6 50|6 7 O1] 7 O7| 7 1417 22 
44] 6 6 5316 58) 7 04,7 1117 26) 7 35 
12} 6 46) 6 50) 6 55) 7 7 7 13) 7 7 3817 48 
17 | 6 47| 6 §7| 7 02) 7 O8| 7 15) 7 22) 7 #30|7 4918 Ol 
22|6 52) 6 58 7 7 7 167 22) 7 30/7 OO} 8 13 
2716 O47 17 227 7 7 #4817 58) 8 25 

Dec | 
2|7 0317 7 15|7 2217 2917 37/7 4617 5618 07/8 20 8 35 
O8| 7 14,7 #20|7 28:7 357 43) 7 53) 8 03) 8 15) 8 29) 8 45 
12; 7 12| 7 7 25| 7 32) 7 40| 7 #49'7 2118 36/8 52 
17 | 7 22|7 29) 7 36|7 44/7 8 O03) 8 14/8 268 41 8 58 
18| 7 7 7 3917 47|7 56, 8 06) 8 8 30) 8 02 
2717 2117 3417 4117 4917 5818 08) 8 19|8 32) 8 04 
31| 7 2817 35/7 50|7 59} 8 20/8 46,9 04 


TABLE I1—Continued 
LocaL TIME OF SUNSET 


Lat..| 40° | 42° | 44° | 46° | 48° | 50° | 52° | 54° | 56° | 58° | 60° 


Nov.;|h mjh m/h mjh mjh m | h m 
2|16 5816 54/16 50/16 4516 41/16 37/16 31/16 26/16 19}16 1216 04 

7 5216 48/16 4316 3816 34/16 2816 23/16 1616 09/16 0015 51 
12 47/16 42/16 38/16 32)16 27/16 21/16 14/16 07/15 59/15 5015 39 
17 |16 43/16 3816 32/16 27/16 21/16 14/16 07/15 59/15 50}15 40/15 28 
22 116 40/16 34/16 2816 2216 16/16 5215 42/15 31/15 18 
27 16 37 16 3116 25 16 1216 0415 56/15 47/15 36)15 24/15 10 


2/16 3516 29/16 2316 1616 0916 O115 4215 31/15 18115 02 
7 3516 2916 2216 15/16 O7/15 59/15 50/15 39/15 27115 14/14 57 
12 16 3516 2916 2216 1516 O7/15 58/15 48/15 3815 25/15 54 
17 |16 3616 3016 2316 1616 0815 5915 49/15 B815 25/15 1014 53 
22 16 3816 3216 2516 1816 10/16 0115 4015 27/15 54 

16 41/16 3516 2816 2116 1316 O415 54/15 4315 30/15 15/14 58 
31 |16 44/16 38/16 31/16 2416 1616 0715 5815 4615 3415 2015 02 
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Dusk AND Dawn 


Dawn is usually defined as the time when daylight first appears 
in the morning sky. Morning twilight is the interval of time 
between dawn and sunrise. Evening twilight is the interval between 
sunset and dusk; dusk being defined as the last appearance of day- 
light in the evening sky. 

The illumination of the sky during twilight is due to the rays 
of the sun which strike the upper layers of the earth’s atmosphere ; 
the duration of twilight is hence due to the rate at which the sun 
sinks below the horizon and also to the condition of the atmosphere. 

It would, however, be quite impossible to predict or to calculate 
the moment of dawn or dusk defined as above. Hence astronomers 
use ordinarily an arbitrary definition and define astronomical twi- 
light as the time between sunset or sunrise and the moment when 
the sun’s centre is eighteen degrees below the horizon. At dawn 
and dusk as thus defined, however, it may be, and usually is, too 
dark to carry on ordinary work, as for example, to drive an auto- 
mobile without lights, and in France and elsewhere a civil twilight 
is used by which dusk and dawn are defined as occurring when the 
sun’s centre is six degrees below the horizon. 

Table iii gives the duration of evening twilight (sunset to dusk), 
of night (dusk to dawn), and of morning twilight (dawn to sun- 
rise), for latitudes 45° and 50°. Table iv contains the correspond- 
ing quantities for civil twilight as defined above. 
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TABLE III 
DURATION OF ASTRONOMICAL TWILIGHT AND NIGHT 
|| 
Latitude 45° | Latitude 50° 
| 
| 
Local |Sunset| Dusk | Dawn | Local |Sunset; Dusk | Dawn 
Date Time of| to to to ||Time of} to to to 
| | 
Sunset | Dusk |Dawn |Sunrise || Sunset | Dusk |Dawn Sunrise 
1930 h mh mh m {h m|h m 
4 28/1 37) 1 46 4 081 5911 53| 1 59 
5 07; 1 41/10 52) 1 41 4 53 52,10 59) 1 51 
Mar. 1......... 5 46/1 39) 9 39/1 365 41) 1 301 47 
2. 6 41 6 30|1 557 21) 1 53 
04/1 58/5 52/1 57/17 17/2 20/4 4312 18 
7 25) 3 52| 2 22 || 7 59 |From June 2to July 12 
7 502 23) 2 31 || 8 13 |there is neither dawn 
| jnor dusk. 
7 ||7 44 | 2 3513 31/2 38 
6 39) 1 4716 46 1 57) 6 30:2 00 
5 37/9 00} 1 38 | 5° 40|1 48) 8 42) 1 48 
Nov. 1.. 4 50) 1 3910 29; 1 39 4 38 | 1 50/10 31) 1 49 
4 20/1 45/11 27) 1 45 4 02 | 1 57/11 1 57 


TABLE IV 
DURATION OF CiviL TWILIGHT AND NIGHT 


\| 
Latitude 45° | Latitude 50° 


Local Sunset Dusk | Dawn || Local Sunset] Dusk | Dawn 

Date Time of to to | to |\Time of to to to 
Sunset Dusk Dawn) Sunrise!) Sunset Dusk | Dawn | Sunrise 
| 


1930 m 


h mh mh m || h mh mh m 
.... 4 3414 33/1 4 08/0 39114 34/0 38 
5 0 3013 32 || 4 53] 0 35/13 32 0 35 
| 5 46/0 30/11 54 0 30 5 41 | 0 33/11 58 0 33 
Apr. 1...... 6 3110 15,0 30 6 30/0 3410 010 34 
May 1....... | 7 04/0 33) 8 41 0 17) 0 378 07,0 37 
7 38/0 37/7 25.0 37 ||7 43) 6 0 43 
50/0 37) 7 37 || 8 13/0 446 13/0 44 
7 28,0 33/8 10,0 33 || 7 44/0 38 7 27,0 39 
39 | 0 42,0 30 || 6 46/0 33) 9 21) 0 33 
| 5 42/0 17,0 3211 15/0 31 
50/0 3012 4 0 3413 03/0 33 
3413 50,0 33 4 37/14 20|0 37 
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PROVINCIAL LEGISLATION 


One can still find, in some cities, two, and occasionally three, 
different times. If, by law, a registry office must open at nine a.m., 
then the law must define what time is to be used by offices or 
institutions under its control. The official legislation in Canada in 
regard to time chiefly affects such matters as the times of coming 
into effect or expiration of acts, ordinances, contracts and agree- 
ments, times of opening and closing registration offices, law courts, 
post offices and similar public offices, times of open or close seasons 
for game, times of opening and closing business houses and places 
of amusement. 

In general, laws relating to the definition of time provide that 
where an expression of time occurs in any act of the legislature 
or in any Rule of Court, in any by-law, deed or other legal instru- 
ment, or where any hour or other period of time is stated, either 
orally or in writing, or where any question as to a period of time 
arises, the time referred to or intended shall, unless it be otherwise 
specifically stated, be held to be . . . standard time. 

Where railway or other transportation companies are under the 
jurisdiction of any province, laws regulating the times appearing on 
their schedules have been passed by some of the provinces. 

It is seen that several provinces have enacted laws relating to 
the adoption of daylight saving. Where no provincial law has been 
passed, different cities and towns have frequently adopted daylight 
saving by by-law under their general powers of legislation. 

It is one thing to decree that such a thing shall be done at 6 
o'clock eastern standard time, but quite another to decide just 
when 6 o'clock occurs. No observatory, telegraph or railway com- 
pany, or wireless time broadcasting institution has been named as 
an official source of correct time. That is a matter of evidence in 
which recognized observatories would naturally have much the 
greatest weight since the public derives its correct time by more or 
less devious paths from the observatories. 


The provinces have wisely refrained from enacting restricting 
laws on matters of time except where the value was quite evident, 
and a household, church, lodge, or community clock may be set as 
fast or as slow as the owners desire. The Dominion Government 
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has limited its legislation to the Act of 1918, which has been inter- 
preted as lapsing at the end of that year, and hence there is, in 
Canada, no law governing matters of time in reference to inter- 
provincial carriers and similar matters, and no body exercising 
powers in relation to time similar to those of the Interstate Com- 
merce Commission in the United States. 

The following legislation governs the standard times to be used 
in the several provinces and territories. Laws regulating such times 
as those of opening and closing of public buildings, close seasons, 
rules of the road, etc., have not been included. 


Yukon. Interpretation Ordinance. 

“Yukon standard time is the local mean time at the one hundred and 

thirty-fifth meridian.” 

British Columbia. Sec. 48, Interpretation Act. 

“Time to be held to be what is known as Pacific Standard Time and 

subject to the provisions of the Daylight Saving Act . . . should be 

reckoned as eight hours behind Greenwich time.” 
Northwest Territories. Interpretation Amendment Ordinance. 
(a) “In that part . . . east of the sixty-eighth meridian 
the standard time shall be the local time of the sixtieth meridian 
and called Atlantic standard time.” 

(b) “In that part . . . included between the sixty-eighth meridian 
and eighty-fifth meridian—and including Southampton island and 
adjacent islands, the standard time shall be the local time of the 
seventy-fifth meridian and called Eastern standard time.” 

“In that part of the Territories included between the eighty-fifth 
meridian and the one hundred and second meridian . . . the 
standard time shall be the local time of the ninetieth meridian 

called Central standard time.” 

“In that part of the Territories included between the one hundred and 
second meridian and the one hundred and twentieth meridian 

the standard time shall be the local time of the one hundred and 
fifth meridian and called Mountain standard time.” 

“In that part of the Territories lying to the west of the one hundred 
and twentieth meridian of west longitude the standard time shall be 
the local time of the one hundred and twentieth meridian and called 
Pacific standard time.” 

Alberta. The Interpretation Act, 1906. 

“The time known as ‘Mountain standard time’ being the local time at the 

one hundred and fifth meridian . . . shall be the standard time of the 

Province 
Saskatchewan. The Interpretation Act, 1920. 

“The time known as ‘Mountain standard time’ (being the local time at 
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the one hundred and fifth meridian of west longitude . . .) is hereby 

declared to be standard time of the province.” By the Court Officials Act, 

City Act, and Town Act, central standard time is given legal sanction in 

certain municipalities in the southeastern part of the province. 

Manitoba. The Interpretation Act, Chapter 89, Revised Statutes, 1902. 

“The time used upon the Canadian Pacific Railway and known as Central 

time, being the time of the ninetieth meridian of west longitude, is hereby 

declared to be the standard time of this province, and when any statute 
heretofore or hereafter passed refers to any particular time of day, such 
standard time shall be considered to be meant.” 

Ontario. Revised Statutes, 1927, Chap. 160. 

(a) “As regards that part of Ontario which lies east of the meridian of 
ninety degrees west longitude” time shall be reckoned “as five hours 
behind Greenwich time.” 

(b) “As regards that part of Ontario which lies west of that meridian” 

time shall be reckoned “as six hours behind Greenwich.” 
Providing also that the Lieutenant-Governor in Council may from 
time to time make regulations varying the reckoning of standard 
time as above defined. Such regulations may authorize the Ontario 
Railway and Municipal Board to fix the time tables of all railways 
subject to its control 
Quebec. Standard Time Act 1925, Chap. 276. 

(2) “In that part of the Province which lies east of the meridian of sixty- 
eight degrees west longitude, standard time shall be reckoned as four 
hours behind Greenwich time. In that part of the Province which 
lies west of that meridian, standard time shall be reckoned as five 
hours behind Greenwich time.” 

(3) “The Lieutenant-Governor in Council may . . . amend or replace 
regulations to change the standard time as defined in Section (2).” 

(4) “Such regulations may authorize the Quebec Public Service Com- 
mission to fix the time-tables of any public service under its control. 
Daylight Saving Act, 1925, provides for the establishing of daylight 
saving by Order in Council when a municipality has requested it. 

New Brunswick. Interpretation Act, 1903. 

“O'clock . . . shall be held to be . . . the time of the sixtieth 

meridian of west longitude.” 

Daylight Saving Act, Acts 6, George V. 19, provides for the changing by 

Order in Council of the standard time of the Province during the summer 

months. 

Nova Scotia. Definition of Time Act, 1924. 

(3) “The Governor-in-Council may, in each year by proclamation pub- 
lished in the Royal Gazette, prescribe that as regards any period in 
such year between the 3lst day of March and the Ist day of November 
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time shall be reckoned as three hours behind Greenwich mean 
solar time.” 
“As regards any period in each year between the 3lst day of March 
and the Ist day of November in respect of which there is no such 
proclamation, and as regards the period in each year between the 
31st day of October and the Ist day of April, time shall be reckoned 
as four hours behind Greenwich mean solar time.” 


Prince Edward Island. 


(1) 


(2) 


(3) 


Statute 52 Victoria, Chap. 11, Sec. 1. Defined time as Atlantic 
standard time. 

Time Saving Act, Acts of 1918, Chap. 2. “During the prescribed 
period in each year in which this Act is in force the time, for general 
purposes in this province, shall be one hour in advance of the time 
as fixed by the Statute 52 Victoria.” 

“This Act shall be in force in each year during such time as the 
Summer Time Act of Canada is in force.” (The Daylight Saving 
Act of 1918, referred to here as the “Summer Time Act,” lapsed 
after 1918.) 


Dominion Observatory, 
Ottawa, June, 1931. 
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RADIO TALKS OVER CFCF (VICTORIA, B.C.) 
By W. E. Harper 
XLIX—THE ASTRONOMER’S INSTRUMENTS 
(July 21, 1931) 


HILE everyone knows that a telescope must be one of the 
instruments used by the astronomer, there are many who 
do not know of other instruments which are equally important in 
his work. Two others may be mentioned, the spectroscope and the 
microscope, and my purpose is to describe briefly the functions of 
each of these three instruments in our work at the Victoria obser- 
vatory. 

The old style telescope had the lens at the outer end which 
collected all the rays of light from the celestial body and condensed 
them to an image at the eye end. Here it could be viewed by the 
eye using eye-pieces of different magnifying powers. If the air 
was steady and the telescope a good one, the rays from any one 
point of the object, say the moon, would always fall at the same 
spot. In other words the image would be sharp and clear cut 
and the higher powers could be used to advantage. 

In the case of a star most people looking through the telescope 
for the first time are extremely disappointed. They have heard that 
the stars are suns like our own and naturally they expect the 
telescope to magnify the star so that it will look something like 
the sun does to the naked eye. But while the stars are millions 
of miles in diameter they are so exceedingly distant that they appear 
simply as points of light and no ordinary telescope will ever show 
them other than as points of light. In fact the better the telescope 
the smaller will be that point of light, provided the seeing conditions 
are good. But since the light from a distant star comes in parallel 
rays the bigger the telescope is, then the bigger bundle of rays it 
will collect; and if the optical parts are perfectly made, then the 
brighter should be the pin-point image. 

This ability to gather up the rays of light coming from a faint 
star and condense them into a point image sufficiently bright to 


79 


“4 


80 W. E. Harper 


serve our purposes is largely the reason for the big telescopes of the 
modern day. And since it has been found impossible to cast pieces 
of glass of large size which are free from bubbles or other imper- 
fections, so that the light can pass through them in the desired 
manner, we have fallen back upon a concave mirror, silvered on 
the front surface, as the agency for collecting and condensing the 
rays of light. In such reflectors it does not make any material 
difference if there are imperfections within the glass disk so long 
as the surface is free from the same and can be ground and polished 
to the desired shape. 

The mirror in our own instrument at Victoria is 72 inches in 
diameter and about one foot thick. The extent to which it is 
ground out at the centre may be understood when it is stated that 
by laying a straight edge across its surface the depression at the 
centre is about nine-tenths of an inch. So accurately is it figured 
that all the rays from a star are brought to an exceedingly small 
point image. 

The function of the second instrument, the spectroscope, is to 
take this light and spread it out, sorting out the colours of which 
it is composed and placing them side by side, to be observed visually, 
or recorded on the photographic plate. Everyone knows that white 
light is composite in character, consisting of the well-known rainbow 
colours from red to violet; and it is the function of the spectro- 
scope to sort these out so that we may know whether the star 
we are observing is rich or deficient in any particular colour. 

To accomplish this purpose a narrow slit bewteen two pieces 
of metal is placed just where the telescope brings the star to a focus. 
This slit is one or two-thousandths of an inch wide and it thus 
allows a narrow beam of the light to enter the optical system. 
The principal part of this system is a glass prism which serves 
to sort out the rays according to their colour. The longer red rays 
do not have as much difficulty traversing the glass medium as do 
the shorter blue and violet rays, and in consequence these latter 
colours are deviated more from a straight course than are the 
red. The light thus emerges as a coloured band several inches in 
length. If the blue rays are more pronounced than the red the 
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star is probably at a higher temperature than if the reverse were 
the case. 


In general though, attention is confined to a narrow stretch of 
this coloured spectrum band for we find enough in a small portion 
; to give us the information sought. The portion usually selected 
is in the blue-green because the ordinary photographic plate is 
more sensitive to that region of the spectrum than to any other. 
On our Victoria plates this region is a little over an inch in length. 


It is found that the light from most of the stars does not give 
a continuous spectrum. There are gaps, exceedingly short it is 
true, but nevertheless very real, and it is from a study of these 
gaps or markings, or better still these lines, as they are usually 
called, that we derive all our information regarding the star. On 
either side of the star spectrum is placed a comparison or reference 
spectrum of some substance, the wave-lengths of whose lines are 
known with great -precision. In our work we use the light from 
the iron are and the iron lines thus serve as mile-posts or reference 
marks from which to measure the lines in the star spectrum. 
While much information could be obtained by using an ordinary 
magnifying glass, it is better to place the negative on a measuring 
microscope which forms the third instrument to be discussed. The 
two main portions of this instrument are, as the name implies, a 
microscope, with powers from about ten to twenty, and a very 
accurate screw by which the plate can be moved under the micro- 
scope so that the positions of these lines can be accurately deter- 
mined. If there should be iron (in the form of vapour) in the 
star’s atmosphere a series of lines will be found in the star spectrum 
just opposite the iron arc lines. If the star is at rest and otherwise 
normal the lines of the iron spectrum on either side will join on 
to those of the star and make one continuous straight line. Usually 
this is not the case for the star may be moving towards us or away 
from us, in which case all its lines will be shifted from their 
normal positions and they will not make one continuous line with 
the comparison lines; there will be, as it were, a jog between the 
two. By setting first on the comparison lines and then on the 
star lines and taking the differences of the readings we can convert 
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such displacements into the velocity with which the star is approach- 
ing or receding from us. But that is another story and let it suffice 
to state that displacements can be measured as small as 1/5,000 
inch, which shift corresponds to a velocity of the star of six miles 
per second. 


L—THE SUMMER STARS 


(August 18, 1931) 


I HAD expected to speak upon “Spinning Worlds” but as some 
of my radio audience made enquiries regarding the names of 
the bright stars seen in the skies these evenings, I have decided 
to base my remarks upon three of the brightest stars visible at 
the present time. The other topic will keep for a later date. 

The three stars will be the brightest ones in each of three 
groups of stars, or constellations as they are generally called, namely, 
Bootes, Lyra and Aquila. My radio audience may know these 
groups better by their popular names of the Bear Driver, the Lyre 
and the Eagle. I hope to describe the position of each star so that 
you can pick them out quite readily and will be able to follow them 
as they get farther and farther west in the sky as the days go by. 
It will do vou no harm to make friends of the stars; you will derive 
a great deal of joy out of their acquaintance. 

First, let us take Arcturus which is farthest west and getting 
low in the southwestern skies when darkness has fully set in. To 
find it, locate the Big Dipper, consisting of seven bright stars in the 
form of a dipper, seen well up in the heavens to the north west 
in the early evening. Everyone, I think, knows the Dipper; if you 
do not, get a neighbour to point it out to you. By following the 
curved handle outwards you will find it points to Arcturus. Its 
distance from the end star of the handle is about equal to the 
length of the Dipper. There is no mistaking Arcturus; it is the 
only bright star in the region and shines with a yellow-reddish hue. 

Arcturus is one of the best known of the stars. It is one 
of the few stars alluded to in the Bible, where we find a reference 
to it in the Book of Job, IX, 9, “which maketh Arcturus, Orion and 
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the Pleiades and the Chambers of the South.” Owing to its bright- 
ness and accessible position in the summer sky, this star is often 
used by land surveyors as a mark of reference. And this is true 
in spite of the fact that we may well look upon Arcturus as a 
“runaway” star. It is moving relative to the other stars in a south 
westerly direction at a rate which in 815 years would carry it 
along the sky, the equivalent of the moon’s diameter. If we knew its 
exact distance we could convert this angular movement into linear 
speed but in any case it is of the order of 100 miles per second. 
While its motion is almost wholly across our line of sight there 
is nevertheless a slight tendency in our direction, the resolved com- 
ponent of its motion toward us being of the order of 3 miles per 
second. 

Among the ancients this star was regarded as the nearest one 
to the earth but now we know of several score which are nearer, 
although most of these are extremely faint objects. My radio 
audience for the most part understand that we reckon celestial 
distances in light-years, that is, the time, in years, required for 
light travelling 186,000 miles a second to move across the inter- 
vening distance. Arcturus is about 41 light years distant and if 
we could only bring it up to a distance equal to that of our own 
sun, it would outshine our luminary one-hundred-fold. 

We may be thankful that such is impossible for its powerful 
radiation would immediately scorch all life off our planet. And 
that would not be on account of its being hotter than our sun; as 
a matter of fact its surface temperature is by the best authorities 
considered to be about 4,200°C, whereas that of our sun is 
6,000°C. But its lower temperature and consequent reduced radi- 
ating power per unit area of surface is more than offset by its 
great size; its diameter being 27, surface area 729, and volume 
19,683 times, that of our sun. Arcturus, moreover, has not as 
yet attained the zenith of its career, whereas our own sun has 
passed its maximum and is now on the down grade. Some millions 
of years hence the relative brightnesses will show our own star in an 
even more unfavourable light. 


The second star to be described is Vega. Only one other star 
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in the whole heavens outshines it, namely Sirius, the Dog Star 
seen in the winter skies. Vega is about straight overhead at nine 
o'clock these evenings and should thus be easily located. Two other 
fainter stars, one to the north-east and one to the south-east make 
with it a small equilateral triangle. Vega shines with a bluish- 
white light, quite different to the yellowish tint of Arcturus. 


The constellation in which Vega is the chief star is called Lyra, 
or the Lyre, as the ancients named it. By exercising a’ lively 
imagination the form of the traditional lyre can be made out. In 
mythology this celestial harp was the one invented by Hermes, 
which Apollo or Mercury gave to Orpheus, the skilled musician of 
the Argonautic expedition. 


The surface temperature of Vega is much higher than that of 
Arcturus. We could surmise that this would be so from its colour. 
You know that when a poker is placed in a fire it first glows dull 
red, then as it becomes hotter and hotter its colour changes to the 
other end of the scale. Critical analysis, then, of the colour of the 
light suggests that whereas Arcturus has a surface temperature of 
4,200°, that of Vega is 11,000°. Hydrogen is a very prominent 
constituent of its atmosphere and in our research work Vega is 
taken as the typical star of the hydrogen class. 


While Vega is a shade brighter than Arcturus as we see them, 
yet if they were at the same distance Arcturus would be a little 
more than twice as bright as Vega. A moment ago I stated that 
Arcturus was 41 light-years distant; Vega is only 26. 


As regards its motion relative to the other stars, we find its 
angular cross-motion to be only about one-sixth as great as that 
of Arcturus so that it would require over 5,000 years to shift its 
apparent position by an amount equal to the diameter of the moon. 
It has a velocity towards the earth of about nine miles per second 
but this is entirely due to the fact that our whole solar system, the 
sun and the planets and other members of the family, are moving 
bodily in the general direction of the star itself. I have recently 
in these talks discussed this motion through space and have shown 
that, although we are headed in that direction, so great is the abyss 
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of space separating us, there is no present danger of collision 
between our own system and any other in that part of space. 

Mention can only be made of the position of the third star, 
Altair. If we take a line from Arcturus to Vega and turn about a 
right angle to the south in the sky we will see just east of the 
Milky Way a bluish-white star like Vega but only about half as 
bright. Three fainter stars are in line with it and thus Altair, 
another star of the hydrogen class, is added to our list. It is 16 
light-years distant. 


LI—SPINNING WORLDS 


(September 15, 1931) 


OTATION seems to be a common characteristic of the heavenly 

bodies. The examples I shall give of this tendency to rotate 

about an axis will be so varied as to leave little doubt, I think, of 
the universality of the phenomenon. 


In the first place, our earth is rotating about an axis, making 
one complete turn from west to east in 24 hours. Owing to this 
cause the sun by day and the stars by night appear to rise in the 
east, to move across the heavens and to set in the west. As the 
circumference of the earth is about 25,000 miles, a point on the 
equator has a rotational speed of slightly over 1,000 miles per hour 
or about 0.3 mile per second. But as our atmosphere partakes of 
this motion of rotation we are unconscious of its actuality. 


The sun, likewise, is rotating about an axis. The discovery 
was made less than 400 years ago by an amateur who watched the 
eruptions on the solar surface as they appeared at one side of the 
sun, shifted their position a little day by day until in about 12% 
days they were at the other edge of the sun. From these sun 
spot observations came the knowledge that the sun is rotating on 
an axis, the period at the equator being about 25 days. It has been 
learned, however, that all parts of the sun do not rotate at the 
same rate; in other words, it does not rotate as a solid body like 
the earth. There is a lag as we go from the equator to the poles 
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and a point half way between equator and poles takes two and 
one-half days longer to make one complete rotation than a point 
at the equator, at which place the rotational speed is one and one- 
quarter miles per second. 


The moon, too, is rotating on an axis but as she is tied up so 
closely to her earthly parent we can see only the one side which 
always faces us. To an observer off in space the moon would be 
seen definitely rotating in a period of about 27 days, giving a rota- 
tional speed at the equator of only 16 feet per second. 

When we come to investigate the other planets of the solar 
system we again find axial rotation to be the rule. It is true a few 
of them present difficulties in the determination of the rotations 
but there is good reason to believe that all obey the general rule. 
From markings on the planet Mars it has been possible to deduce 
a rotation period of 24 days, 37 minutes and 23 seconds. There 
is no doubt of this as it has been repeated by many investigators. 


In the case of the two large planets, Jupiter and Saturn, the 
periods are, respectively, slightly under and slightly over ten hours. 
Here the surface markings on the planets are not definite enough to 
make very accurate determinations. One need only use a small 
telescope and watch the changing surface features over an interval 
of a few hours to be convinced of the reality of the rotation of these 
planets. The equatorial speed in the case of Jupiter is about seven 
and two-third miles per second, while that of Saturn is a little less. 
This rapid rotation naturally affects the shape of plastic bodies 
like Jupiter and Saturn and one can easily see in a small telescope 
that the planets are bulged out at the equator and compressed at 
the poles. In addition, the atmosphere is, as it were, drawn out 
into streaks or zones parallel with the equator, constituting the well 
known “belts” in each case. 

While the rotation periods of a few of the planets are a little 
uncertain as yet, it is generally accepted that all are in rotation. 
A further striking characteristic is that the direction of rotation 
of the sun seems to give the cue as to how the planets shall not only 
revolve about our central luminary but as to how they shall rotate 
upon their axes as well. It would almost seem as if at the origin 
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of the solar system some common cause had been operative to give 
to each of the planets similar directions of rotation. 


Passing to the stars, it is only within the past year or two that we 
have had evidence of their rotations. From analogy with our own 
star, the sun, we would naturally expect that other similar bodies 
would likewise be in rotation. As the stars show only as points of 
light, even with the largest telescopes, there seemed no way to find 
out whether they were rotating or not. But the spectroscope has 
given us a method of doing so which, while not above criticism, 
seems to be reasonably convincing. By this instrument we can tell 
whether a light source, like a star, is approaching us or receding from 
us, because of corresponding displacements from their normal posi- 
tions of lines in the analyzed light of the star. If a star is 
approaching, the lines are shifted towards the blue end; if receding, 
towards the red end. Now the light of a star, while it apparently 
comes from a point source, actually comes from different parts 
of the star’s disk, which may be a million miles in diameter. If 
the star is rapidly rotating, we may be so placed in space that one 
edge of the star will be rapidly approaching us, whilst the opposite 
edge is rapidly receding from us. In that case a portion of the 
light will register in the spectrum displaced to the violet while 
a corresponding amount will be shifted to the red. The rest will 
fall in between these extreme limits and the result will be that 
instead of having a narrow sharp line like we find in our labora- 
tories, the stellar line will be very broad and faint. The widths, 
then, of stellar spectral lines are indicative of axial rotation, those 
rotating most rapidly having the widest and shallowest lines. Rota- 
tional speeds of over 100 miles per second have been detected in this 
way in some of the giant stars. Depending upon the speeds and 
upon how the axes are placed with respect to us, computation can 
tell us just what should be the character of the lines in a star’s 
spectrum. Models have now been prepared so that a moment's 
glance will almost suffice to estimate the rotational speed, once the 
spectrum of the star has been obtained. 
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LII—ROTATING UNIVERSES 


(October 20, 1931) 


iw my chat with you four weeks ago I stressed the fact that all 

the heavenly bodies with which we are best acquainted are in 
rotation. The earth spins about an imaginary axis in 24 hours; 
of the other planets some require less time, some more. Even 
the sun is found to be rotating in a period of about 25 days and 
recent investigations lead us to believe that stars other than our 
own particular one are also in rotation. 


Besides these spinning motions, the members of the solar family 
are also known to be moving about the central luminary, the sun, 
in orbits whose sizes increase from Mercury, the closest one to 
the sun, to Pluto the most distant. Broadly speaking, all revolve 
about the sun in the same plane and in the same direction; we 
could without serious error suggest the top of a table as represent- 
ing the plane of their motions; none would ever get far above or 
below the surface as they moved around the central sun. 

To an observer above or below the table top the appearance 
would be like unto a rotation of the system as a whole, and carrying 
out the analogy it would appear to an observer situated off in 
space, so that he would be looking broadside on to the plane of the 
solar system, as if the system as a whole were rotating about his 
line of sight as an axis. 

If our solar system, to an imaginary observer suitably situated 
off in space, would thus appear to be rotating, it is not unreason- 
able to expect that dwellers on the earth ought to see other systems 
of a similar character away off in space. The trouble is that even 
if the stars were blessed with planets revolving around them 
similar to our own system, they are so far from us that the whole 
system appears only as one point of light. But we do find several 
cases that are similar, though on a much larger scale. About 
every third or fourth star is a double star wherein there are two 
suns somewhat like our own, mutually revolving about their common 
centre of gravity. In some cases these are far enough apart to 
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be seen with telescopic aid as separate stars, and though the periods 
of revolution are several years, they nevertheless present the appear- 
ance of a system in slow rotation. 


Carrying out the idea still further we can conceive of not only 
two stars in mutual revolution about each other but of many stars 
in a cluster which are revolving about a central nucleus. In the 
heavens there are found many nebulous objects which have the 
appearance of being a cluster of stars but whose great distance 
from us makes it impossible to see the stars as separate points of 
light. Particularly is this the case in what are known as spiral 
nebulz which long exposure photographs show to be rather fuzzy- 
like objects with a central nucleus and long spiral arms curving 
outwards from that nucleus. The small boy would describe them 
as “pin-wheels” so often used in a display of fireworks. The very 
appearance of these spiral nebulz suggests that they are in rotation 
but it is only of recent years that sufficiently definite evidence has 
been secured to state positively that such is the case. We see them 
in all positions, some broadside on, some edge on. In the latter 
case our spectroscope shows us that one edge is approaching us 
whilst the other is receding from us. 

The best known of the spirals is the one in the constellation 
Andromeda, and in fact it is the only one recognizable as a nebula 
by the unaided eye, although long exposure photographs suggest 
that several millions exist in the heavens. The velocity of rota- 
tion in the Andromeda nebula at a point about half way from the 
centre to the edge, is about 45 miles per second and others have 
much higher rotational velocities at corresponding distances from 
the central nucleus. 

As previously suggested, it has long been surmised that this 
and other spiral nebula are great agglomerations of stars whose 
combined light at their great distance comes to us as a suffused 
glow. Direct evidence that such is the case has been secured since 
the installation of the 100-inch reflecting telescope at Mount Wilson, 
for with it in the moments of best seeing the outer parts of the 
nebula are clearly resolved into points of light, each point repre- 
senting an individual star. When we reflect that the nebula 


=. 

| = 


90 Radio Talks on Astronomy 


is something like 900,000 light-years distant from us, we can well 
believe that it contains millions upon millions of stars, being in 
fact the greatest of the universes external to our own. As just 
mentioned, this whole universe is in slow rotation, and while we do 
not know exactly its period of rotation it must be of the order oi 
several million years. 

Since others of these spiral nebulae have been found to be 
similarly rotating, the conviction has been gaining ground of late 
years that possibly our own particular universe of stars, generally 
known as the galactic universe, is also rotating about some central 
nucleus. In form we know it to be like a flattened disk, quite 
similar to the other spirals, the Milky Way plane being the one in 
which it has its greatest diameter. In studying its motions we are 
handicapped by the very fact that we are in the midst of things; 
it would be much easier if from some of the other universes as a 
vantage point we could observe the system in which our star, the 
sun, is one of many millions. Nevertheless, from very accurate 
measures of the motions of many of the distant stars made at our 
own observatory the evidence would seem to be almost conclusive 
that this great universe of ours is, like those other external galaxies, 
also rotating about a nucleus, which is situated in the direction of 
the great star clouds in the constellation of Sagittarius. 

Thus, planets and suns, and even whole systems of stars seem 
to be all imbued with the inclination to rotate. 
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NEWS AND COMMENTS 


Professor A. H. S. Gillson of McGill University, who addressed 
the Ottawa Centre of the Royal Astronomical Society of Canada 
on “The Nebulae”, on January 15, paid a visit to the Dominion 
Observatory and inspected some of the work. 

Director R. Meldrum Stewart of the Dominion Observatory 
delivered a lecture to the Arts and Letters Club of Ottawa on 
January 19, on “Solar Eclipses”, with particular reference to plans 
for observing the coming eclipse of August 31. 

Dr. J. S. Plaskett, director of the Dominion Astrophysical Ob- 
servatory, Victoria, has been awarded the Catherine Wolfe Bruce 
Gold Medal of the Astronomical Society of the Pacific for the year 
1932, “for distinguished services to astronomy”. 

Mr. Leon Campbell, who for many years has unofficially directed 
the scientific work of the American Association of Variable Star 
Observers at Harvard Observatory, has been appointed the first 
Pickering Memorial astronomer. With increased facilities, he will 
have entire supervision of the observational work of the association, 
with headquarters at the Harvard Observatory. The “Pickering 
Memorial Fund” has been raised through the joint efforts of the 
American Association of Variable Star Observers and the Harvard 
Observatory to memorialize the work of Professor Edward C. 
Pickering. The income is to be used almost wholly to promote the 
study of variable stars.— (Science. ) 

The sixty-nine inch mirror figured by the optical shops of J. 
W. Fecker, Pittsburgh, was safely installed in the Perkins Ob- 
servatory, Ohio Wesleyan University, on December 14. 


Lest WE Forcet 
In Cathay, far away, Hsi and Ho, 
Watched the Sun, day by day, high and low, 
On the day of eclipse, put the bowl to their lips, 
And for this lost their heads, long ago. 
REDeL. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


Dr. AITKEN AWARDED THE R.A.S. Gotp MEDAL 

One of the highest distinctions in the astronomical world is the 
gold medal of the Royal Astronomical Society, which has been 
awarded annually since 1824. This year the recipient is Dr. R. G. 
Aitken, director of the Lick Observatory, on Mount Hamilton, Cal. 
Dr. Aitken is our leading authority on double stars. At the Lick 
Observatory is a marvellous card catalogue containing exhaustive 
information regarding the 20,000 double stars which have been 
discovered. Additions are continually being made to the catalogue 
in order to have a complete record of the work done on these objects 
by astronomers in all countries, and information regarding any star 
is freely supplied to inquirers. 

Dr. Aitken joined the staff of the Lick Observatory in 1895 
and became director on the retirement of Dr. W. W. Campbell in 
1930. A year ago the medal was awarded to Professor W. de 


Sitter, of Holland, and the next previous year to Dr. J. S. Plaskett, 
of Victoria, B.C. 


A FIREBALL SEEN AT MONTREAL 


A brilliant fireball was seen by Mr. Guy H. Asbury, of West- 
mount, P.Q., at 4 a.m. on January 1, 1932. With a friend, Mr. 
Jack Owen, he was on the northern slope of Mount Royal and had 
an unobstructed view to the Laurentian mountains. The moon was 
in its last quarter. 

“Suddenly,” writes Mr. Asbury, “I noticed this exceptionally 
large meteor sweeping across the northern sky at a great speed. 
It first came into view quite high in the heavens and continued its 
descent in a northerly direction. I judged it to be about three- 
fifths the size of the moon, and it had a faint luminous train. When 
nearing the horizon it suddenly exploded into thirty or forty frag- 
ments, each of which resembled an ordinary shooting star. Some 
of these soon disappeared but the larger ones seemed to fall beneath 
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the black line of the distant mountains.” No sound was reported. 
Tue Late C. J. 

Bulletin No. 40 of the Astronomical Society of Victoria (Aus- 
tralia) contains a sketch of the life of Charles J. Merfield, chief 
assistant astronomer of the Melbourne Observatory, written by Mr. 
John A. Moroney, president of the Society. 

Mr. Merfield met his death in a motor accident on January 23, 
1931. He was in his 65th year. He was a native of Stawell, a 
town about one hundred miles northwest of Melbourne, and the 
accident occurred while driving with his son Theon to this place, 
where he intended to supervise the erection of a fine sun dial which 
he had designed. 

In early life Mr. Merfield was a civil engineer, and being a good 
mathematician he was naturally drawn to astronomical observation 
and calculation. As early as 1897 he calculated the orbit of Comet 
1896 f. A few years later he joined the staff of the Sydney Ob- 
servatory. In 1908 the weather services of the various states were 
assumed by the Commonwealth Government, and Mr. Merfield 
became observer and computer at the Melbourne Observatory. In 
1919 he became chief assistant. 

Mr. Merfield was an authority on eclipses and prepared the 
local data for several occurring near Australia. He served on 
eclipse expeditions in 1901, 1910, 1911 and 1916. His published 
papers number nineteen and relate chiefly to comet orbits and per- 
turbations. They appeared mostly in Monthly Notices and Astron- 
omische Nachrichten. 

The present writer has lively recollections of a reception at the 
Melbourne Observatory in 1922, on which occasion Mr. Merfield 
was the genial host. 


= 
1 


MEETINGS OF THE SOCIETY 


At Toronto 

November 17, 1931.—A regular meeting was held at 8 p.m. Mr. R. A. 
Gray in the chair. 

Mr. T. Pilkington, 13 Bowden St., Toronto, was elected a member. 

Mr. J. R. Collins referred to the Leonid meteoric shower. Continued 
cloudy skies in the Toronto vicinity have prevented observations of this 
display. 

“The Tides” was the subject for discussion by the members. Dr. R. K. 
Young led the discussion by describing the various amplitudes of the twice- 
daily, daily, bi-weekly, monthly, and six-monthly tides. The advance cal- 
culations of the heights of these tides were complicated by the effect of each 
upon the others, but the invention of an ingenious machine, geared separately 
for the height of each tide, has reduced these calculations to the mere turn 
of a wheel. Mr. E. J. Kennedy referred to the effect upon the earth and 
moon of tidal friction. Mr. S. C. Brown mentioned the heights of the tides 
in various parts of the world. The several papers provided the members 
with much material for interesting discussion. 

The new system of alternate meetings for members only is apparently 
proving to be a popular innovation. 


December 15, 1931—A regular meeting was held at 8 p.m. Mr. R. A. 
Gray in the chair. 

There were four elections to membership :— 

Mr. C. T. Plummer, 214 Roslin Avenue, Toronto. 

R. W. Willis, B.Sc., Department of Works, City Hall, Toronto. 
Mr. Jerome Keim, Ripley, California, U.S.A. 

Rev. W. F. Roach, M.A., Shallow Lake, Ont. 

The reports for the current year by the Secretary and the Treasurer were 
adopted. The following were elected officers for the Toronto Centre during 
1932 

Honorary President—Sir Frederick Stupart. 

Chairman—R. A. Gray, B.A. 

Vice-Chairman—A. R. Hassard, K.C. 

Secretary—FE. J. A. Kennedy. 

Treasurer—Dr. W. M. Wunder. 

Recorder—S. C. Brown. 

Curator—Robt. S. Duncan. 

Assistant Curator—Fred. L. Troyer. 
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Standing Committees :-— 

Finance—Dr. W. M. Wunder, A. F. Hunter, M.A., Dr. J. B. Fraser, 
H. W. Barker. 

Programme—R. A. Gray, B.A., J. R. Collins, Dr. L. Gilchrist, Dr. R. K. 
Young, E. J. A. Kennedy. 

Membership—F. T. Sanford, Dr. R. K. Young, J. H. Horning, M.A., 
Miss E. M. Budd. 

Building—H. L. Rogers, Dr. C. A. Chant, A. R. Hassard, A. F. Miller. 

Mr. R. A. Gray gave a very interesting lecture on “Double Stars.” These 
were divided into three classes, optical doubles, visual and spectroscopic 
binaries. A method was explained and examples given by which their 
distances, both from the earth and each other, are determined. The discovery 
of the companion to Sirius almost vies with that of the planet Neptune, for 
both were due to the perturbations noted in the orbits of other bodies, and 
accurate calculations made of their position prior to physical discovery. The 
companion to Sirius proved to be an extremely heavy body, and being dark 
in comparison with its very bright primary, and close to it, is very difficult 
to observe, excepting with the largest telescopes. An explanation was given 
of the light curves of variables, which, in reference to spectroscopic binaries, 
are caused by the successive eclipsing and transit by and of each other of 
two closely connected and visually inseparable stars, one usually darker than 
its companion. 

Mr. Hassard spoke on Orion. His description and observations were, as 
usual, very instructive and entertaining. S. C. Brown, Recorder. 


At OTTAWA 

November 13, 1931.—The Ottawa Centre held their second regular meet- 
ing of the season in the Victoria Memorial Museum. The chair was occupied 
by the president, Mr. J. S. Lane. 

At this meeting, Dr. R. E. DeLury, Assistant Director, Dominion Ob- 
servatory, gave a most interesting account of a recent conference held at 
Matamek River. His talk was entitled “Astronomical Periods in Climate 
and Life”, a summary of which follows :— 

An illustrated account was given of the “1931 Canadian Biological Con- 
ference” held the last week of July at the summer residence of Mr. Copley 
Amory, at Matamek River, Quebec, on the north shore of the Gulf of St. 
Lawrence. Mr. Amory had invited scientists from all over the world to 
discuss from all angles the question of “cycles” in the various forms of life. 
In addition to the results of general scientific value to be expected from 
such a conference, Mr. Amory hoped there would result conclusions suffi- 
ciently definite to be of aid in promoting the welfare of those living in the 
north shore region who are mainly dependent on the fish and game supply 
which had shown periodically very serious deficiencies. 

Some thirty scientists and government officials assembled, enjoying the 
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thoughtful hospitality of their host, at this interesting and unique conference. 
The members were sumptuously entertained in Quebec City on July 22 by 
the Honourable Hector Laferte, Minister of Colonization, Game and Fisheries, 
representing the Province of Quebec. In addition, the Clarke Steamship 
Company, represented by Mr. Desmond Clarke, provided transportation and 
bounteous hospitality aboard S.S. North Shore from Rimouski to Matamek 
River and back. 

Abstracts were given of the papers and discussions of the conference 
dealing with fluctuations in various forms of life: bacteria, insects, fish, 
birds, mammals and vegetation. Contributions dealt with the cycles in rabbits 
and the fur-bearers; lemmings and mice; grouse and snowy owls; grass- 
hoppers and forest insects; internal and external parasites and_ bacterial 
diseases induced by them, particularly with reference to rabbits and grouse; 
fish, especially herring, cod and salmon; tree growth and crops; economics ; 
climatic and the fundamental astronomical periods. General topics included 
the distribution of mammals over the world, geographic and physical environ- 
mental factors, ebb and flow of human population and optimum conditions 
for biological functioning, whales and whaling, and forestry. Light, tem- 
perature and humidity and rainfall appeared as important factors. 

A more detailed account was given of the contribution from the Dominion 
Observatory, dealing with the solar and tidal influences. The sunspot cycle 
was discussed in relation to meteorology, bacterial diseases, grasshoppers, 
grouse, rabbits and fur-bearers, tree growth, grain, potatoes, cotton, hay, 
fisheries and economics. The tidal periods of 18.6 years and 8.85 years 
seemed to be present in the meteorological and life fluctuations. A com- 
bination of the sunspot and tidal cycles was advanced in explanation of the 
9.6 year cycle in various forms of life. A physical explanation was sug- 
gested for the half periods as due to oceanic (aquene) and land (terrene) 
reactions of opposite phase, both influences being at work in such places as 
Anticosti and the British Isles. 

A brief statement was made of the plans of the various individuals for 
future investigation. 


December 18, 1931——At the annual meeting of the Ottawa Centre the 
following officers were elected for the year 1932:— 

Honorary President—C. C. Smith, B.A. 

President—J. S. Lane, B.A. 

Vice-President—R. Glenn Madill, B.A. 

Secretary—Miriam S. Burland, B.A. 

Treasurer—A. W. Grant, B.A. 

Council—N. A. Irwin, B.A.; A. H. Miller, M.A.; J. P. Henderson, M.A., 
and past presidents, R. M. Stewart, M.A.; R. E. DeLury, Ph.D.; R. J. 
McDiarmid, Ph.D.; C. R. Coutlee, C.E. 

Miriam S. Buranp, Secretary. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 


The Astronomical and Physical Society of Toronto was incorporated 
in 1890, though it had existed som ears before this; in 1900 it became 
The Toronto Astronomical Society; and on March 3, 1903, it was given 
the name, The Royal Astronomical Society of Canada. 


permission to us¢ 


Its objects are to study astronomy and cognate subjects, to publish the 


results of its work, and to maintain a hbrary. 


alone, but now the 
Society is national in extent, having active Centres in Montreal, P.Q.; 
Ottawa, Toron 
B.C. Among its 800 members are a number of leading astronomers and 

1 lition, many laymen who 


», Hamilton and London, Ont.; Winnipeg, Man.; and Victoria, 


+1 1d 


scientists of the world, many an 


interest¢ culture of 


are 


500 pages of interesting articles and a yearly Orserver’s Hanpsoox of about 


The Society publishes a monthly JournaL containing each year about 


80 pages, containing valuable information for the amateur observer. Single 
copies of the JourNAL or Hanpnook are 25 cents 


Membership in the Society 1s open t inyone interested in astronomy 


Annual dues, $2.00; life membershi, o further dues). Publications 


for separately. 


are free to the members, or may be 


ates who are elected to membership 


© 


Extract from the By-Laws: 
will be attached to a particular Centre, or to a section known as Members at 


wd t 


Large. Members of the Society who live outside of Canada, or in a prov- 
ince in which there is no Centre of the Society will be considered Members 


1 

at Large and not attached to any particular Centre, unless these members 
are expressly nominated for membership and attachment to a particular 
Centre. Members may be transferred from one Centre to another, or to the 
section Members at Large by the Council of the Society if written applica- 


tion for such transfer is made by such member to the Council. 


The library and offices of the Society are at 198 College St., Toronto, 
Ont. Applications for membership or for further information should be 
lis page) or to the General Secre- 


addressed to a local secretary (see back of 


tary at the above address. 
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